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Abstract 
This paper presents a numerical method for solve transient analysis in vibration analysis. The dynamic model of the combat 
vehicle is used in this paper, A half car lumped mass dynamic model s derived. Numerical simulation is conducted using Runge 
Kutta fourth order method. The first thing to do is sketch the model of the object to be studied, the next is motion equation 
derivation, the next thing is to reduce the equations of motion that has been made to be solved by numerical methods with Runge 
Kutta fourth order. The stepping time in the Runge Kutta fourth order method is important role in numerical analysis, in this 
study using a timing which is a derivative of the maximum frequency when the vehicle is not damped. The simulation results 
showed that for stepping over a specified time of 0.01 s produce unstable simulation results, in contrast, using a time step of 
0.001 s has provide a more stable results. 
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1. Introduction 
In principle, the combat vehicle system has three main components vehicle and weapon system, control system 
and visual sensing systems. In this paper will be study conducted simulation performance of the weapon arm when 
mounted in the vehicle system. The system used 2 DOF weapon arm (two degrees of freedom), in the azimuth and 
elevation direction. Simulations were performed to determine the deviation of the motion that occurs at the time of 
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the shooting. The method used to solve the above demands is to determine how much deviation motion that will 
occur will be simulated using the Runge Kutta method of fourth order [1]. Focus on this paper will discuss about the 
accuracy of numerical methods which will be used to predict the value of the deviation that occurs during the 
process of shooting when shooting a single shoot. At first to investigate the transient behavior of a vibrating system 
has been tested by Krylov-Bogoliubov-Mitropolskii (KBM)[4] in 1961, but this method requires a lot of parameters 
and is not practical. And then, Shamsul investigate solutions of the third order nonlinear system is critical 
eigenvalues are not the same in the third-order [5], but the results are less precise when compared with experimental 
results. Therefore, this study tries to use numerical methods using Runge Kutta fourth order to get closer results 
close to reality to be experienced. The Runge Kutta method of fourth order used to solve complex mathematically 
problems, and then the solution will be done by using numerical methods. The Modeling and simulation of half car 
done using Matlab software [2,3]. 
2. The numerical method 
In numerical methods using Runge Kutta fourth order equation for the completion of the vibration, the first thing 
to do is to model the object to be studied, the next is lowering the equations of motion that exist in the model, the 
next thing is to reduce the equations of motion that has been made to be solved by numerical methods. For a 
discussion of numerical methods will be discussed in the following equation. In the many degrees of freedom 
system, the equations of motion will be expressed in matrix form as follows: 
ሾܯሿሼݔሷ ሽ൅ ሾܥሿሼݔሶ ሽ൅ ሾܭሿሼݔሽ ൌ ሼܨሺݐሻሽ  (1) 
Then the differential equation simplifies into a two-level equations of motion are simplified to [6][7]: 
ݔሷ ൌ ͳ݉ ሼ݂ሺݐሻ െ ܿݔሶ െ ݇ݔሽ ൌ ܽሺݔǡ ݔሶ ǡ ݐሻ  (2) 
From equation (2) above, it can be determined that ݔሷ  is a function of a is also a function of x, ݔሷ  ,t. By changing 
the parameters x ̇ = y then the function variables becomes: 
ݔሷ ൌ ݕሶ ൌ ܽሺݔǡݔሶ ǡ ݐሻ ൌ ܽሺݔǡݕǡ ݐሻ  (3) 
Letting that tribe (i) in x and y is around xi and yi, then the time increment Δt, using taylor series in x and y 
equations become: 
ݔ ൌ ݔ݅ ൅ ቀ݀ݔ݀ݐ ቁ݅ οݐ ൅ ቀ
݀ʹݔ
݀ݐʹቁ݅
οݐʹ
ʹ ൅ڮ  (4) 
ݕ ൌ ݕ݅ ൅ ቀ݀ݕ݀ݐ ቁ݅ οݐ ൅ ቀ
݀ʹݕ
݀ݐʹ ቁ݅
οݐʹ
ʹ ൅ڮ  (5) 
From equation (4) and (5) above is taken as the average slope of the first derivative, so that the next derivative 
can be ignored. After was to make use of the Simpson method, the average slope in the interval Δt, was changed to: 
ቀ݀ݔ݀ݐ ቁ ൌ
ͳ
͸ ቆቀ
݀ݔ
݀ݐ ቁݐ݅ ൅ Ͷ ቀ
݀ݔ
݀ݐ ቁݐ݅൅οݐʹ
൅ ቀ݀ݔ݀ݐ ቁݐ݅൅οݐቇ (6) 
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By using the Runge Kutta fourth order, equation (7), the middle part of the equation into two parts so the 
equation have four parameters, namely as Table 1 below: 
Table 1. Parameter Runge Kutta fourth order 
t x y  
T1= ti X1= xi Y1= xi a1=ሺͳǡ ͳǡ ͳሻ 
T2= ti + οʹ  X2= xi + y1 
ο
ʹ  Y2= xi + 1 
ο
ʹ  a2=ሺʹ ǡ ʹǡ ʹሻ 
T3= ti + οʹ  X3= xi + y2 
ο
ʹ  Y3= xi + 2 
ο
ʹ  A3=ሺ͵ ǡ ͵ǡ ͵ሻ 
T4= ti + Δt X4= xi + y3 Δt Y4= xi + 3 Δt a4=ሺͶǡ Ͷǡ Ͷሻ 
 
From the equations in Table 1 with the substitution initial conditions, then the response of the structure as a 
function of time for each interval Δt can be calculated by the equation: 
ݔሺݐ݊ ൅ οݐሻ ൌ ݔሺݐ݊ሻ ൅ ͳ͸οݐሺ ͳܻ ൅ ʹܻʹ ൅ ʹܻ͵ ൅ Ͷܻሻ (8) 
ݔሶሺݐ݊ ൅ οݐሻ ൌ ݔሶሺݐ݊ሻ ൅ ͳ͸οݐሺܨͳ ൅ ʹܨʹ ൅ ʹܨ͵ ൅ ܨͶሻ (9) 
ݔሷሺݐ݊ሻ ൌ ͳ݉ ሾ݂ሺݐ݊ሻ െ ܿݔሷ ሺݐ݊ሻ െ ݇ݔሺݐ݊ሻሿ  (10) 
From the above equation, illustrations Runge Kutta method results can be seen in Fig. 1. 
 
 
Fig. 1. Graphic ilustration using Runge Kutta method 
3. Dynamic model of mobile combat vehicle system 
In Fig. 2, can be viewed that the combat vehicle with rifle caliber 5.56 mm drawing scheme. The vehicle contains 
platform, azimuth and elevation part. The combat vehicle system has been presumptions: The vehicle platform does 
not move when firing, backslash are the non linear system can be ignored. All consider forces and moment act in 
vertical and the system is symmetrical in right and left side. The force and moment acting in elevation part is the 
value of impact force shot of weapon. Fig. 2 is the dynamic model of combat vehicle with mobile robot LIPI V2 
scheme. The considered system has 11 degree of freedom: 
ሾݖሿ ൌ ሾݔ݁ ǡݕ݁ ǡ \ ǡݕܽ ǡߛǡ ݕ݌ ǡߠǡݕͳǡ ݕʹǡ ݕ͵ǡݕͶሿ  (11) 
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where, xe is horizontal displacement of elevation part, ye is vertical displacement of elevation part, < is angular 
displacement of elevation part, ya is vertical displacement of azimuth part, γ is angular displacement of azimuth part, 
yp is vertical displacement of platform, T is angular displacement of platform, y1is vertical displacement of first 
wheel, y2 is vertical displacement of second wheel, y3 is vertical displacement of third wheel, y4 is vertical 
displacement of fourth wheel. 
 
 
Fig. 2. The combat vehicle dynamic model scheme 
According to research conducted by Jiri Balla [1], the method of numerical integration steps sought by the 
following equation: 
οݐ݉݅݊ ൌ ͳߨ݂݉ܽݔ   (12) 
where Δt is the time step used for numerical integration using the Runge Kutta fourth order, while f is undamped 
natural frequency system. Based on observations of the selected time step is 0.001s, this is because at the time of the 
pick out, the results are relatively stable over time if the step is less than that value. 
4. Technical data 
It is assumed that the combat vehicle is symmetric, and then simplified analysis of the dynamical model of the 
armored vehicle is derived using half car lump mass model. The technical parameters are given in Table 2. 
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Table 2. Technical parameter on combat vehicle 
No Description Value 
Platform Properties 
1 Wheelbase first to COG point platform  303 mm 
2 Wheelbase second to COG point platform 101 mm 
3 Wheelbase third to COG point platform 101 mm 
4 Wheelbase fourth to COG point platform 303 mm 
5 The first pedestal distance component azimuth to the COG platform 100 mm 
6 The second pedestal distance component azimuth to the COG platform 159 mm 
7 The first pedestal distance component azimuth to the COG azimuth 89.5 mm 
8 The second pedestal distance component azimuth to the COG azimuth 89.5 mm 
9 Platform weight  80,4 kg 
10 Moment of inertia on the platform part 7,7 kg.m2 
11 Stiffness on the wheel suspension (1-4) 3x104N/m 
12 Stiffness on the tire (1-4) 13400 N/m 
13 Damping on the tire (1-4) 700 N.s/m 
Azimuth Properties 
14 Azimuth weight 8,08 kg 
15 Moment of inertia on the azimuth part 0.412kg.m2 
16 Stiffness in the first pedestal on the azimuth part 9x104 N/m 
17 Stiffness in the second pedestal on the azimuth part 9x104 N/m 
Elevation Properties 
18 Elevation weight 14,4 kg 
19 Moment of inertia on the elevation part 1.25 kg.m2 
20 Stiffness in the elevation part 980.356,04 N/m 
21 Damping in the elevation part 107,37 Ns/m 
22 The vertical distance between the trunion and the axis of the shoot 0,0325 m 
23 Recoil force for single shoot 831 N 
24 Recoil torque for single shoot 27 Nm 
5. Calculation result and discussion 
Fig. 3 and Fig. 4 showed the results of the dynamic response of the elevation and platform part in the armored 
vehicle. When the numerical approach is using a 0.01 second time step, the results came out unstable and numerical 
process is not running properly, as shown in Fig. 3 and 4. 
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Fig. 3. Vertical displacement with step time: 0,01 s (not stable) 
 
Fig. 4. Angular displacement with step time: 0,01 s (not stable) 
Fig. 5 and Fig. 6 showed the results of the dynamic response and the elevation part of the armored vehicle 
platforms. With the use of 0.001 second time step on the numerical process, the results come out more stable, in the 
other hand the numerical method can be run accordingly. 
 
Fig. 5. Vertical displacement in elevation and platform part with step 
time: 0,001 s (with vehicle) 
 
Fig. 6. angular displacement in elevation and platform part with step 
time: 0,001 s (with vehicle) 
6. Conclusion 
The numerical approach with 0.01 s time step gives unstable results, in contrast, the use of 0,001 s time step 
would produce stable results. It is concluded that the value of the time step should be Δt ≤ 0.001 s. It is proved that 
the fourth order Runge Kutta numerical method is very sensitive to the selection of time step. 
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